A detailed comparative study on chemical and bioactive properties of wild and cultivated Ganoderma lucidum from Serbia (GS) and China (GCN) was performed.
Introduction
Ganoderma lucidum (Curtis) P. Karst is a mushroom that has been widely used as a tonic for promoting longevity in Traditional Chinese Medicine and also in other Asian countries as healthy food, for more than 2000 years (Paterson, 2006) . This medicinal mushroom is commonly used in the treatment of bronchitis, asthma, hypercholesterolemia, hepatopathy, hypertension, arthritis, neurasthenia, hypertension, immunological diseases, gastric ulcers, chronic hepatitis, nephritis, and insomnia (Zhong and Tang, 2004; Liu and Zhang, 2005; Xie et al. 2006; Huang and Ning, 2010; Teng et al. 2011) . Currently, G. lucidum is among the most sought medicinal mushrooms in the world market. Various products are being prepared from its cultivated fruiting bodies and have been commercialized as dietary supplements worldwide (Lai et al. 2004 ).
The beneficial health effects of Ganoderma species are attributed to different bioactive molecules such as phenolics, polysaccharides, triterpenes, sterols, lectins and proteins (Ferreira et al. 2010; Heleno et al. 2012) . Some studies with wild mushrooms report the growth habitat as a very important factor influencing the profile and amounts of 6 Germany) was used as a solvent. Water was treated in a Milli-Q water purification system (TGI Pure Water Systems, USA).
Chemical composition
Nutritional value. The samples were analysed for chemical composition (moisture, proteins, fat, carbohydrates and ash) using the AOAC procedures (AOAC, 1995) . The crude protein content (N×4.38) of the samples was estimated by the macro-Kjeldahl method; the crude fat was determined by extracting a known weight of powdered sample with petroleum ether, using a Soxhlet apparatus; the ash content was determined by incineration at 600±15 ºC. Total carbohydrates were calculated by difference. Energy was calculated according to the following equation: Energy (kcal) = 4 × (g protein + g carbohydrate) + 9 × (g fat).
Hydrophilic compounds. Free sugars were determined by high performance liquid chromatography coupled to a refraction index detector (HPLC-RI), after extraction and analysis procedures previously described by the authors (Heleno et al. 2009 ) using melezitoze as internal standard (IS). The compounds were identified by chromatographic comparisons with authentic standards. Quantification was performed using the internal standard method and sugar contents were further expressed in g per 100 g of dry weight (dw).
Organic acids were determined by ultrafast liquid chromatography coupled to a photodiode array detector (UFLC-PAD), following a procedure previously described by the authors (Barros et al. 2013) . The organic acids found were quantified by comparison of the area of their peaks recorded at 215 nm with calibration curves obtained from 7 commercial standards of each compound. The results were expressed in g per 100 g of dry weight (dw).
Phenolic compounds were determined by the same methodology using 280 nm and 370 nm as preferred wavelengths, according to a procedure previously described by the authors (Reis et al. 2012) . The phenolic compounds were characterized according to their UV and retention times, and comparison with authentic standards. For quantitative analysis, calibration curves were prepared from different standard compounds. The results were expressed in mg per 100 g of dry weight (dw).
Lipophilic compounds. Fatty acids were determined by gas-liquid chromatography with flame ionization detection (GC-FID)/capillary column as described previously by the authors (Heleno et al. 2009 ). The results were expressed in relative percentage of each fatty acid.
Tocopherols were determined following a procedure previously described by the authors (Heleno et al. 2010) using HPLC-fluorescence. Quantification was based on the fluorescence signal response of each standard, using the IS (tocol) method and by using calibration curves obtained from commercial standards of each compound. The results were expressed in µg per 100 g of dry weight (dw).
Ergosterol was determined following a procedure previously described by the authors For hepatotoxicity evaluation, a cell culture was prepared from a freshly harvested porcine liver obtained from a local slaughter house, according to a procedure established by the authors (Guimarães et al. 2013) ; it was designed as PLP2. Cultivation of the cells was continued with direct monitoring every two to three days using a phase contrast microscope. Before confluence was reached, cells were subcultured and plated in 96-well plates at a density of 1.0×10 4 cells/well, and cultivated in DMEM medium with 10% FBS, 100 U/mL penicillin and 100 µg/mL streptomycin.
Test on antimicrobial activity. The following Gram-negative bacteria were used: 
Statistical analysis
For each one of the species three samples were used and all the assays were carried out in triplicate. The results are expressed as mean values and standard deviation (SD). The results were analyzed using one-way analysis of variance (ANOVA) followed by Tukey's HSD Test with α = 0.05. This treatment was carried out using SPSS v. 18.0 program.
Results and Discussion

Chemical and nutrition composition
The results of the nutritional value, hydrophilic and lipophilic compounds of G. lucidum samples from Serbia (GS) and China (GCN) are presented in Tables 1-3 . Carbohydrates were the most abundant macronutrients, followed by fat or ash, depending on the sample. Carbohydrate, fat and protein contents were higher in GS, giving to this sample a higher energetic contribution ( Table 1) . Macronutrients content found in the studied samples was comparable to the one reported by Mau et al. (2001) for cultivated G.
lucidum from China.
Fructose was the most abundant sugar in GS, while mannitol was the predominant one in GCN. Interestingly, five free sugars (fructose, glucose, mannitol, sucrose and trehalose) were reported in GS, while only two sugars, namely mannitol and trehalose were reported in GCN. Accordingly, high levels of these two sugars have been reported in other cultivated mushrooms (Wannet et al. 1999) . Total free sugars content was notably higher in GS ( Table 2) . A similar sugars profile (with the same five sugars) and total amount (10.29 g/100 g dw) was obtained in a sample of G. lucidum from Portugal previously studied by some of us (Heleno et al. 2012 ).
Total organic acids content was higher in GCN, where malic acid predominated, followed by quinic and oxalic acids. In GS, five organic acids (oxalic, quinic, malic, citric and fumaric) were quantified with amounts lower than 0.61 g/100 g dw ( Table 2) .
As far as we know, this is the first report on organic acids composition in G. lucidum.
Protocatechuic and cinnamic acids were found in both samples, while p-hydroxybenzoic and p-coumaric acids were only found in GCN and GS, respectively. GCN gave the highest amounts of phenolic acids due to the high contribution of protocatechuic acid ( Unsaturated fatty acids (UFA) predominated over saturated fatty acids (SFA).
Monounsaturated fatty acids (MUFA) were dominant in GS, while polyunsaturated fatty acids predominated in GCN. The most abundant fatty acids in both GS and GCN were linoleic (C18:2n6c), oleic (C18:1n9) and palmitic (C16:0) acids ( Table 3) . The same characteristic was described by other authors for G. lucidum from China (Lv et al. 2012 ). α-and δ-Tocopherols were found in GS, while no tocopherols could be recorded in GCN; this difference can be due to degradation processes during the growth or conservation periods of the latter sample (commercial) since tocopherols are very sensitive to light and temperature. Ergosterol content was almost ten times higher in GCN than in GS (Table 3) 
Bioactive properties
Antioxidant activity was tested by four different methods that measured free radicals scavenging activity, reducing power and lipid peroxidation inhibition (Table 4) .
Both samples revealed antioxidant properties. Nevertheless, GS gave slightly higher reducing power, higher DPPH radical scavenging activity and higher β-carotene bleaching inhibition (lower EC 50 values). GCN gave slightly better results for lipid peroxidation inhibition evaluated by TBARS assay.
The studied samples of G. lucidum revealed higher reducing power (~50% at 0.75 mg/mL), but lower DPPH scavenging activity (~50% at 0.5 mg/mL) than a sample from Taiwan (Mau et al. 2002) . Nevertheless, they gave higher DPPH scavenging activity than samples from Korea (~74% at 10 mg/mL; Kim et al. 2008) . In general, G. lucidum from Portugal, previously studied by some of us (Heleno et al. 2012) , showed higher antioxidant properties, measured by the same in vitro assays.
The effects of GS and GCN on the growth of five human tumour cell lines (MCF-7, NCI-H460, HCT-15, HeLa and HepG2) are presented in Table 4 . GS revealed activity against MCF-7 (GI 50 309.66 µg/mL) and HeLa (GI 50 311.19 µg/mL) cell lines, while no effect was noted in NCI-H460, HCT-15 and HepG2 cell lines at maximum dose of 400 µg/mL. GCN had no cytotoxic effects towards any of the tested cell lines at the maximum concentration used. It should be highlighted that none of the samples showed toxicity in a non-tumour liver primary cell culture.
Despite some reports on antitumour activity of G. lucidum (mainly against breast cancer), it should be noticed that the bioactivity was related to polysaccharides (β-1,3-glucans) and triterpenes (ganoderic acids and others) (Ferreira et al. 2010; MartinezMontemayor et al. 2011) . In the present study, the bioactivity of extracts rich in phenolic compounds and other hydrophilic molecules was assessed, revealing that GS had some cytotoxic effect on breast and cervical cell lines.
Results of antibacterial and antifungal activity towards pathogenic bacteria and fungi, evaluated by microdilution method, are presented in the Table 5 . Both extracts expressed antibacterial activity in a dose dependent mode. The antibacterial effect was also dependent on the tested bacteria, but the most sensitive species was B. cereus.
Otherwise, the most resistant one was E. coli. The antibacterial activity of GS decreased in order: B cereus = P. aeruginosa = E. cloacae > S. typhimurium > S. aureus = M. flavus = L. monocytogenes > E. coli. Considering GCN, the order was: B cereus > S. 
